Introduction
The ability of the brain to maintain a considerable degree of normal function in the presence of tumor, and in spite of distortion and hydrocephaly, has always been a matter of interest. Such a condition is best seen with slowly growing masses, such as the acoustic neuromas. Recently, such a pathological condition has been encountered in a patient in the New Haven Hospital. After viewing the large tumor at the post-mortem examination and noting the extreme distortion of parts of the brain and the damage to the cranial nerves, considerable surprise was expressed at the apparent lack of correlation between the anatomical damage and the physiological impairment shown before death. It was felt, therefore, that a study of the fiber tracts of portions of the brain might yield some information, both as to the actual amount of degeneration and the localization of this damage. From the anatomical findings it was hoped that a correlation with the symptomatology might be made.
In reviewing the literature, it has been impossible to find a complete anatomical study. It is proposed, therefore, to give (1) the clinical history and pathological findings, and (2) the anatomical findings with a discussion of their relation to the symptomatology.
Clinical History
The records of the New Haven Hospital furnish the following clinical information:
The patient was a white woman, 48 years old, who was admitted to the hospital on May 11, 1928 , with a complaint of loss of vision. Her family and past histories were negative.
The present illness dated back two years and consisted essentially of the following conditions:
1. There had been a progressive loss of vision, which had reached complete blindness some months previously. Total blindness had been present in the left eye for eighteen months and for six months in the right eye. 2. Occipital headaches had been present over a period of eighteen months, and were occasionally accompanied by severe pain in the eyes, more marked in the left eye.
3. There had been occasional vomiting, unrelated to meals, over a period of eighteen months. 4 . Over a period of two years there had been occasional spells of unconsciousness.
5. Before the onset of her complete blindness, she complained of spells of dizziness with moments of blindness.
The physical examination showed the admission temperature to be 98.6°F.; the pulse 80 per minute; the respirations 20; and the blood pressure 144/100. The positive findings were confined to those of a neurological nature and were as follows:
The patient was quite facetious and euphoric and had the facies of an amblyopic individual.
Examination of the cranial nerves showed complete blindness in both eyes, and the fundi showed choked discs of 2-4 diopters with marked atrophy of the fibers of the nerve-head. The pupils were dilated and did not react to light or accommodation, but the extra-ocular movements were normally performed. There was a slight roving nystagmus on extreme deviation in any direction. Mastication and facial sensation were normal, but the corneal reflexes were sluggish. No evidence of facial asymmetry was found and the movements of the facial musculature were all within normal limits. There was complete deafness on the left side. Examination of the palate revealed no deviation from the mid-line on movement and the gag reflex was found to be normal. The function of the spinal accessory nerve was unimpaired and examination of the hypoglossal nerve revealed no abnormal tongue movements. The olfactory nerve was not tested.
There was a slight, symmetrical, generalized weakness of all the muscle groups, but no atrophy of any muscle group or impairment of muscle tone was found. No involuntary movements were seen, and the muscle coordination was within normal limits. The posture and gait were not tested, and there was no disturbance of the touch, pain, temperature, or vibratory senses. The reflexes were all present and the deep reflexes seemed hyperactive.
The course in the hospital was uneventful until May 25, 1928 , when a ventriculopuncture for diagnostic purposes was made. On May 29, the patient's temperature and pulse rose and continued at a high level until her death on June 3. During this last week she was drowsy and stuporous, and developed a generalized hyperesthesia. She had been a patient in the hospital for 22 days.
On admission the laboratory findings revealed a negative Wassermann test on the blood, and the blood counts were all within normal limits. An X-ray stereoscopic examination of the skull on May 11, showed a slight degree of irregular thinning but the sutures were all normal. The ventriculograms taken on May The examination is limited to the brain alone. The scalp and calvarium are thin, and the inner surface of the calvarium has a slightly moth-eaten appearence. Two trephine holes, each approximately 1 cm. in diameter, are present in the posterior part of the calvarium. The dura beneath these holes is punctured. The superior surfaces of the petrous portions of both temporal bones have a moth-eaten appearance, and there is marked erosion of the left temporal bone in the region of the internal porus. All the cranial sinuses are free of exudate.
The dura can be stripped away readily from the arachnoid, no adhesions being present between it and the latter membrane, even at the sites of the ventricular puncture wounds. These brain wounds are located, one in each parietal lobe, 2.5 cm. lateral to the superior sagittal sinus and immediately posterior to the postcentral gyri. That on the left measures 0.5 cm. in diameter; that on the right 1 cm. in diameter. Both are filled with gray, slightly blood-tinged, friable material which is firmly retained within them. In the subarachnoid space along the course of the cerebral vessels in the vicinities of these wounds is present a gray, purulent exudate slight in extent. At the base of the brain, particularly at the tips of the temporal lobes, are numerous small herniations of cortical substance into the dura. On the inferior surface of the brain in the left cerebellopontine angle below the tentorium is a firm, saffron-yellow tumor measuring 4 x 3 x 2 cm., so wedged in this angle as to compress and distort the left side of the pons and medulla and the anterior half of the left cerebellar lobe. As a consequence of this compression, the left Vth, VIIth, VIIlth, IXth, Xth, and XIth cranial nerves are distorted and flattened out to paper thinness. The Vth nerve on this side is displaced anteriorly approximately 2 cm. by the anterior margin of the tumor mass, and the VIIth and VIIIth nerves pass beneath this bulging tumor, suspended in a bridge-like fashion. The IXth, Xth, and XIth nerves are displaced at least 1 cm. posteriorly by the posterior margin of this tumor. Nowhere is there any infiltration of the surrounding brain tissue by this neoplasm, nor is it anywhere attached or adherent to any of the cranial nerve sheaths. The whole tumor can be shelled out rather easily from the fossa it has formed by pressure in the pons and cerebellum, and when so removed exposes the flattened left brachium pontis on the floor of this fossa. This tumor is firmly adherent to, and is surrounded by, the pia-arachnoid on all its free surfaces. On section it is seen to be composed of irregular islands of yellow tissue, varying in intensity, with occasional, small, cystic structures which are filled with a gelatinous, translucent material. Scattered throughout the cut surfaces of this neoplasm are irregular, discrete, and confluent, dark red hemorrhages of varying sizes. The right side of the brain is not distorted, nor are the cranial nerves on this side involved. From the contour of the cerebellar tonsils, it appears that this portion of the cerebellum was wedged into the foramen magnum. A number of interesting findings are brought to light on multiple frontal section of the brain. Both lateral, the third, and the fourth ventricles are dilated, producing hydrocephalus of moderate degree. The cerebral aqueduct is patent in its entirety; the third and fourth ventricles are not compressed or occluded, although the latter ventricle is somewhat distorted by the pressure from the tumor. The explanation for this extensive hydrocephalus appears to be the herniation of the cerebellum into the foramen magnum with the resultant distortion of the aqueduct and the complete obliteration of the cisterna magna.
The wound in the right cerebrum, made by the ventriculopuncture, is surrounded by a wide zone of necrosis and fresh hemorrhage. The material lying in the sinus tract, which extends from the cortex to the right lateral ventricle, is filled with necrotic debris mixed with a purulent exudate. The ventricular end of this sinus tract is plugged with a mass of gray purulent exudate several millimeters in thickness. The sinus tract in the left cerebral hemisphere is almost completely healed, some old hemorrrhage only indicating its previous site.
Neither thalamic nucleus shows any gross lesions; however, both lenticulate nuclei contain numerous, small, softened areas resembling cysts produced by vascular changes. The cerebral blood vessels in general, and those in the nuclear regions in particular, show little evidence of any marked arteriosclerotic changes.
Microscopic study reveals no exudate in the pia-arachnoid anywhere. The path of the needle puncture through the cortex is marked by necrotic ganglion and glia cells, as well as by recent focal hemorrhages. Nearly all of the blood vessels in the vicinity of this injury are thrombosed. There is marked evidence of connective tissue proliferation in the pia-arachnoid overlying this wound. Areas in the brain adjacent to the injury show an extensive proliferation of the glial elements and of the smaller blood vessels. The abundance of these vessels produces a picture which superficially resembles an angioma.
The histological picture of the tumor is quite characteristic. Masses of fibroblasts with large vesicular nuclei are arranged in whorls around small blood vessels, the walls of many of which are thickened and hyalinized. In addition to well-formed blood vessels there are present blood sinuses, which, because of their lack of any definite endothelial membrane, give the appearance of lakes of blood free in the dense fibrous tissue. Fairly large areas of necrosis are present as well as areas of hyalinized, dense, fibrous tissue. In many instances the zones of fibroblastic whorls alternate with zones of cells laden with fat.
A silver carbonate connective tissue stain of the neoplasm shows abundant collagen and fibroglia and a sparse amount of reticulum.
A gold chloride astrocyte stain of the same tissue reveals no glia cells but an abundance of collagen.
Description of Fiber Tract Degeneration
For the present study a portion of the brain-stem, from the Vth to the IXth nerves, was removed and serial sections, stained by the Weigert-Pol technic, were prepared. The cranial nerves, the motor systems, the sensory systems, and the association fibers were studied. Cranial Nerves Vth nerve: The mesencephalic root is seen on the side opposite the tumor, but the nerve fibers from and to the periphery on the side of the tumor cannot be detected. The nerve fibers on the opposite side are found easily and are intact, and the nerve traversing the pons, and its exit therefrom, are seen. On the left side, none of the fibers of the nerve can be found, and it is certain that the descending root of the Vth is missing here-in contradistinction to the right side, where it is intact.
VIth nerve: This is intact on both sides. VIIth nerve: This nerve is found intact on both sides. VlIth nerve: Close inspection shows an intact nerve on the right side. The cochlear fibers are clearly visible, with the dorsal fibers standing out as they run across the floor of the IVth ventricle. The fibers running to the various vestibular nuclei are seen, as are those running to the superior olive and the trapezoid body.' In regard to the nerve on the left side, it is evident that the number of dorsal cochlear fibers is much fewer, and that the various vestibular nuclei cannot be distinguished. There are, however, a considerable number of fibers running to the trapezoid body and the superior olive, although they are scarcer than those of the other side.
Motor Systems
Pyramidal tract: Inspection shows a slight amount of degeneration in the right pyramidal tract, beginning at the region of the Vth nerve. This extends down throughout all the sections and gradually becomes bilateral. In sections taken from slightly below the level of the Vth nerve, some of the bundles on the left side are more affected than others, but the damage to the right tract is greater.
Vestibulospinal tract: Inasmuch as the vestibular nuclei on the left side were not found, it was hoped that degeneration in the vestibulospinal tract might be detected. The tract, however, was not found, and perhaps this can be explained by stating that the pressure of the tumor so compressed the supposedly degenerated fibers that they could not be disclosed.
Sensory Systems
Lateral lemniscus: This tract is chiefly formed by contralateral acoustic fibers coming from the cochlear nuclei, trapezoid body, and superior olive. In attempting to trace all these sources it is evident that fewer fibers cross the median raphe from the left than from the right. This is shown by the greater number of these fibers from the superior olive and trapezoid body on their respective sides in the tegmentum of the pons. It has been mentioned above that there are fewer dorsal cochlear fibers on the left than on the right side. Looking at the lateral lemniscus higher in the brain-stem after its formation, it is seen that the tract on the right side shows only a slight change in comparison to that of the left, where the bundle is almost entirely gone, with only a small localized area remaining.
Medial lemniscus: This bundle shows a certain amount of damage throughout the entire series of slides. It should be noted, however, that this damage diminishes as we proceed down the brainstem, so that at the level of the VIlIth nerve, it is less than at the level of the Vth. In relation to this lesion, the damage to the descending root of the Vth nerve, as mentioned above, should be brought to mind. Association Bundles Medial longitudinal fasciculus: In the entire series of sections, this bundle shows a bilateral lesion, evenly distributed throughout.
Brachium conjunctivum: As in the medial longitudinal fasciculus, both the superior cerebellar peduncles show a uniform amount of damage throughout the series, distributed equally to both sides.
Pons: The pons seems perfectly intact on the right, but on the left shows a varying amount of degeneration, it being greatest at the level of the VlIIth nerve. The stratum profundum shows fewer intact fibers on the right than on the left. It is rare that the VIIth nerve alone is involved, and the Vth, VIth, and VIIth are generally early affected by local compression or distortion. This compression or distortion is responsible also for involvement of any other cranial nerves when that occurs.
Inasmuch as the VIIth nerve is in close relationship to the VIIlth, we should expect it to be involved early, but surprisingly it often escapes serious functional disability. Apparently it is capable of great distortion without functional impairment. Inasmuch as the VIth nerve lies more to the medial side and runs anteriorly close to the median raphe, it is not affected as often in early cases, as are the Vth and VIIth. In regard to the IXth, Xth, and XIth nerves, it must be realized that they are closer to the VIIth and VlIIth than is the Vth, and are probably involved ariatomically more often than the Vth, but the resulting functional impairment is harder to detect than such obvious symptoms of damage to the Vth and VIIth as the loss of corneal reflexes and slight asymmetry of the face. In cases of exceptionally large growth, the pressure phenomena can manifest themselves in distortion of the lst, lInd, and IlIrd nerves, but this is not so common as is involvement of those mentioned above. The XIJth is occasionally affected, but no mention of damage to the trochlear nerve has been found.
Contralateral involvement is fairly common and may give misleading symptoms. Cushing3 reports that, in 14 of 30 cases, such a conditioh was seen, affecting most often the Vth and VIIlth nerves.
In attempting to give a rational explanation for the damage seen in the various tracts in the brain-stem, it is necessary to cite experimental work on animals, as well as to enter into questions which are little understood. For some of the lesions, it is only possible to make suggestions as to their cause; for others, one must consider comparative neurological data.
It has been mentioned earlier that there is slight damage to the right pyramidal tract and also minimal damage to a few bundles of the left tract. With the present anatomical knowledge it is impossible to explain this discriminative lesion which, like all the others, is the result of pressure distortion. It brings up the question of whether there are fibers which run from the left side to join the right pyramidal tract above the decussation. One must also consider whether or not these injured neurones are those which pass from the right pyramidal tract to join the motor nerves on the left. Gray'0 has mentioned a bundle called the uncinate fasciculus of Russell, which has been described in some animals and which runs from the cerebellum to the vestibular nudei, then joining the pyramidal tract. It is possible that the slight degeneration seen represents a similar tract in man, although the exact anatomical course is different. In other words, it is possible that there is a tract arising in the cerebellum or vestibular nudei and running downwards in the opposite pyramidal tract. It is doubtful whether any vascular lesion or obstruction is responsible for such discriminative damage.
From the point of view of their anatomical origin, it is of some value to consider the vestibulospinal tract and the medial longitudinal fasciculus together. Both arise from the nuclei of the vestibular nerve. Various writers describe these nuclei by different names, but the best nomenclature seems to designate three different ones;-the superior, to which the name of Bechterew is often applied; a lateral, sometimes called Deiters'; and a third, the medial, to which Schwalbe's name is attached. In man these nuclei, and the tracts arising therefrom, have not been completely worked out, but animal experimentation has given us information which, from present pathological evidence, seems applicable. As regards the origin of the medial longitudinal fasciculus, Rasmussen20 has stated that there are contributions from all three of the nuclei. In detail, he finds that Bechterew's nucleus sends fibers to the homolateral medial longitudinal fasciculus which ascend, but do not descend. From Deiters' nucleus there arise fibers which descend in the homolateral bundle, while from the medial nucleus the contralateral ascending and descending fibers arise. He also finds that there are some descending fibers from the ipsolateral medial nucleus. There is also evidence that each of these components occupies a definite position in the tract, and Muskens17, in 1914, published considerable data on this localization. Concerning the components of the medial longitudinal fasciculus, there is some difference of opinion. Muskens, for instance, describes a descending bundle arising from the superior nucleus, while Gray10 dojibts that there is a component from Deiters' nucleus and feels that the descending fibers in the homolateral bundle are from the reticular nuclei of the medulla and pons. From all this data, the only conclusions to be drawn are that degeneration in the contralateral medial longitudinal fasciculus is possible following a lesion in the medial vestibular nucleus, while damage in the ipsolateral tract will follow a lesion in the lateral or superior nuclei. Adapting this information to the present case, one sees that the damage to the medial longitudinal fasciculus is bilateral, while that to the vestibular nuclei is unilateral. The only interpretation is that all the nuclei on the left side are damaged.
An unsuccessful attempt was made to locate a crossed vestibular root, as described in various animals, by Gray"0, Cajal, Deganello5, and Lewandowsky15. That such a root exists is doubted by Muskens, who thinks, "that in any extensive injury to the elements of the vestibular nerve, a few fibers originating from Deiters' nucleus, degenerate upwards and thus simulate direct root fibers." Gray disagrees, and describes in the cat the root passing ventral to the genu of the facial nerve, then over the medial longitudinal fasciculus and across the raphe to the opposite side. Kaida'4 feels that the degeneration seen is in the fibers connecting both Deiters' nuclei and is not a crossed vestibular root. As regards the vestibulospinal tract, it seems to be universally believed that it arises from the lateral vestibular nucleus. Such was the conclusion of van Gehuchten7 from studies on the rabbit and of Gray'0, who studied the cat. In the present case it is not possible to demonstrate this degeneration on the left side, probably because of the great distortion.
The degeneration described in the medial lemniscus is probably related to the damage in the descending root of the trigeminal nerve. This descending root has completely disappeared from the left side and, as it has been shown that this tract joins the medial lemniscus to run up to the thalamus, it seems logical to assume that the degeneration found is due to the lesion in the descending root.
It has been stated that the degeneration in the medial bundle is less in the caudal parts of the brain-stem, and this would agree with the fact that there are fewer fibers from the descending root of the Vth nerve caudally. It is generally believed that the fibers run upward in the contralateral medial lemniscus, but this does not explain the bilateral damage seen. The only suggestion is that distortion and pressure have affected the fibers passing from the right descending root to join the left medial lemniscus. It should be emphasized that the damage to this tract is not particularly great.
In the lateral lemniscus, there is bilateral damage greater on the left than on the right. It is obvious that the cause of the defect on the right side is the damage to the VIIlth nerve nuclei on the left and that there are fewer intact fibers to join this bundle. As for the bundle on the left, the tremendous pressure on the pons has apparently been the cause of the degeneration.
In considering the bilateral damage in the superior cerebellar peduncles, the degeneration is probably the result of direct pressure.
It cannot be stated which tract or tracts are involved here. The same explanation holds for the lesions in the pons on the left side in dose proximity to the tumor. On analysis the damage in the brachia conjunctiva is seen to lie in the cerebello-mesencephalic fibers and not FIBER TRACT DEGENERATION IN ACOUSTIC NEUROMA in the spino-cerebellar tracts. It is believed that pressure on both dentate nudei, with resulting necrosis of the fibers arising therefrom, is the causative agent. The surprising thing is that with such an extensive lesion, the symptoms are not correspondingly great.
Symptomatology of Acoustic Neuromas A general review of the symptoms seen in cases of acoustic neuromas may not be amiss, together with such anatomical correlation as may be possible.
The most constant symptom is that due to involvement of the VIIIth nerve itself and is usually manifest through loss of hearing. This may be so gradual that its early onset may be overlooked, and, if unaccompanied by tinnitus, may not be discovered until there is total deafness on the side upon which the tumor occurs. This symptom is sometimes missed because the contra-lateral nerve is intact, as in the case under study, where nearly all the examiners failed to discover the deafness in the left ear and consequently did not make the correct diagnosis. The loss of labyrinthine responses is common. Nystagmus, vertigo, and ataxia are seen, but it is not easy to decide at times whether they are due to cerebellar or labyrinthine involvement. In advanced cases the differentiation is impossible and, as many of these cases are bedridden, it may be impossible to determine the presence of vertigo or ataxia. The question of the anatomical basis of nystagmus is still a moot one, and an acceptable correlation in all cases is impossible. Sometimes it may be decided that the symptom is vestibular in origin and a postmortem examinatioin may reveal that such is not the case. It should be emphasized that the history is of particular importance in noting the involvement of this nerve.
In relation to the acoustic nerve, the erosion of the porus acusticus internus is of considerable importance. It should be recalled that in the case under study such a condition was found with accompanying involvement of the temporal bone. This anatomical change can be demonstrated by roentgenographic examination.
Early in the course of this condition, it is common for the patient to complain of such generalized discomforts as severe headaches with occasional severe pain, variable in location. As the tumor grows, the general pressure symptoms become greater. Blurring of vision, progressing to blindness, due to papilledema is fairly common. The 353 blocking of the aqueduct of Sylvius due to the pressure and the consequent hydrocephalus is occasionally present and vomiting is a common symptom. Interference with the sense of smell is sometimes seen, and may be due to the dilatation of the IIlrd ventricle or to a choking of the olfactory nerve itself. This olfactory symptom is not common and was seen in only five of Cushing's series of thirty cases. Too great emphasis on this symptom is liable to lead the diagnostician away from the true condition. In the very advanced cases impairment of the higher faculties may be seen. Sometimes the patient is quite euphoric and has a loss of memory. The intellectual impairment may be quite striking.
Following the involvement of the VIlIth nerve, symptoms referable to other adjacent nerves may be seen. Their intensity is variable in different patients. The oculomotor and trochlear nerves are rarely affected. Trigeminal damage may result in slight paresthesias, described sometimes as numbness, tingling, or burning, related to the distribution of the nerve on the skin or mucous membrane. The loss of the corneal reflex is common on the affected side. The involvement of the motor division is not so common, and reveals itself by a definite weakness or even paralysis of the masticatory muscles.
Twenty of Cushing's cases gave a history of double vision; and in eleven of these, an objective weakness of the abducent nerve on the side of the tumor was seen. In nineteen cases some facial weakness was present, accompanied by some facial asymmetry.
A study of gustatory function may reveal some symptoms, but their analysis must be made with care, as the Vth, VIIth, and IXth nerves must all be considered. The symptoms referable to the IXth, Xth, XIth, and XIIth nerves are rare and inconspicuous. They may reveal themselves in such ways as difficulty in deglutition, slurring of speech, and possibly by excessive yawning or hiccoughing.
Vocal cord impairment may be the result of involvement of the vagus, but is rarely seen. Muscular symptoms from involvement of the XIth were seen in only one of Cushing's cases. The involvement of the XIIth generally reveals itself by some slight deviation of the tongue, but paralysis or atrophy is uncommon. In summary, it may be said that the IXth, Xth, XIth, and XIIth nerves do not play an important symptomatic role in cases of acoustic neuroma.
Cushing has reported seven cases in which cerebellar seizures have occurred. The name "vagal attacks" has also been applied. They may occur with any tumors of the posterior fossa, but are common with acoustic neuromas, and Cushing believes that they are due to "periods of variable tension of the cerebrospinal fluid retained in the arachnoid cisternae". They reveal themselves as paroxysms of an extreme type, with retraction of the neck and back, respiratory difficulties, an altered pulse, a sense of impending death, and often with loss of consciousness.
It should be emphasized that symptoms of the other cranial nerves are not always confined to the side on which the tumor exists, but may exhibit themselves bilaterally. This may lead to some difficulty in diagnosis and must be kept in mind. Periods of amelioration of certain symptoms are seen in these cases, particularly in those of a subjective nature. These may be related to changes in cerebrospinal fluid tension.
As regards the reflexes, they are generally exaggerated in all cases, probably as a result of the hydrocephAlus. This symptom is generally bilateral.
In summarizing the symptoms, a division into the following stages, as suggested by Cushing Conclusions From the dcinical history and pathological findings of the case of acoustic neuroma here presented, the gross findings, which may be emphasized, are the extreme distortion and hydrocephalus due to the presence of this tumor, and the extreme displacement and thinning of certain of the cranial nerves. The descending root of the Vth nerve was completely destroyed on the left together with damage to the peripheral portion of the nerve, and yet there was no clinical symptom except sluggish corneal reflexes. Similarly, in spite of the thinning of the Vth and VIIth nerves on the left side, there were no symptoms. The damage to the VIlIth on the left 355 was evidenced by deafness on that side, but impairment of hearing on the right was not noted, although the lateral lemniscus on the left, originating from the right nerve, showed considerable damage. As regards the vestibular division of the nerve, the damage to the left was complete, but one cannot say whether this or the cerebellum was the cause of the spells of dizziness revealed by the history. The same is applicable to the nystagmus revealed on physical examination. Grossly, the IXth, Xth, and XIth nerves were displaced and thinned out, but no corresponding symptoms were detected. Due to the condition of the patient, no tests of station or gait were possible and consequently it is impossible to discuss such symptoms as might have been found. Loss of vision occurred, due to changes in the optic nerve as a result of the pressure distortion. Headaches, vomiting, and spells of unconsciousness, explainable on the same basis were described. Degeneration in the pyramidal and vestibulospinal tracts, the medial and lateral lemnisci, the medial longitudinal fasciculi, the brachia conjunctiva, and the pons were described, and an attempt was made to correlate these changes with the symptoms.
In summary, this study indicates that an enormous amount of anatomical damage in the central nervous system is possible without a comparable amount of symptomatology. In other words, there may be considerable physiological adaptation, with minimal functional impairment, in the presence of extreme pathological conditions. BIBLIOGRAPHY
